The dependences of the g-factors and HFS constants upon (Table 1) .
STUDY OF EQUILIBRIA AND KINETICS OF LIGAND EXCHANGE REAC-TIONS OF COORDINATION COMPOUNDS IN SOLUTION BY ELECTRON
Beginning from 1964, the principles of an ESR method for studying complex formation in solution and for determination of the electronic structure of coordination compounds have been developed in our Laboratory. The dependence of ESR parameters upon the nature of metal and ligands is a basis for the investigation of complex formation. Such data were obtained for coordination compounds with a d' electron configuration of the metal ion. As the atomic number of the ligand increases, the g-factor increases and the hyperfine coupling constant decreases (Table 1) . This dependence was explained by an extended theory of q-factor, taking into account spin-orbit coupling on the metal ion, spin-orbit coupling on the ligands and charge transfer from the filled orbitals. The expression for g is m l
-g,, + g,,
where -g-factor of the free electron gm -contribution to g from spin-orbit coupling on the metal ion -contribution to g,, from spin-orbit coupling on the ligands gm and gU -the corresponding contributions from charge transfer.
As the atomic number of a ligand increases, the values of g, gm, g1
increase. The deoendences of the g-factor upon the ligand type were obtained also for Ni(III) and Co(II) dioximates (Tables 2 and 3 
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The same formulas were obtained for g,, and A,,. The g-factor and A-constant of mixed complexes with bidentate ligands were calculated by the equations
In most cases the calculated and experimental g-factors and A-constants are in good agreement (Table 4) . The rule of additivity cannot predict the ESR parameters for the cis-and trans-isomers. However, besides this restriction rules of additivity are extremely useful for irediction of the ESR parameters of mixed complexes. The superhyperfine structure (SHFS) of the ESR spectrum gives direct information about the complex composition. It is possible to determine the nature and number of ligand atoms, from which the SHFS is observed from the number of SHF lines and their intensity ratio. A SHFS of the ESR spectrum of a mixed complex is observed when there is a SHFS in the ESR spectrum of the parent complex (Tables 2 and 3 ). This is a very important and useful rule. It is interesting to note that the SHFS constant depends on the number of ligands (Table 5) . 
were studied. It was shown that for these coordination compounds all of the possible mixed ligand complexes are formed according to the scheme. All these compounds are labile. In such systems there exist labile cis-and trans-isomers. This interesting fact was new not only in the chemistry of Mo(V), but in ESE-spectroscopy as well. The equilibrium constants of reactions
(1) were determined from ESR data (Table 6 ). Other interesting coordination compounds for which the substituion reactions of monodentate ligands were studied are the dioximates of Co(II) and Ni (III) having the compositions Co(HD)2X and Ni(HD)2X2 (Tables 2 and 3 ). The groups Co(HD)2 and Ni(HD)2 are very stable and do not change by the substitution reactions of the axial ligands.
The adducts were other coordination compounds studied by ESR. (Table 7) . 
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H oxin = hydroxyquinoline
The -diketonates of vo(Ii) in DMF solution form the adducts VO(-dik)2DMF. The HFS constant decreases and the g-factor increases in comparison with the ESR parameters of VO(ç3-dik)2 (Table 8) .
(the hydrogen bonds are omitted)
.-. The compounds V0(-dik)2 and V0(-dik)2DMF form with the dithiols CH3C6H3(SH)2(H2bdt) and (CH3) 
V0(AA)2 + vo(BB)2
or by the reactions (8).
These mixed complexes of copper (II) are usually formed in solution. There are three types of reactions: (l)The formation constant of a mixed complex is close to the statistical value. This is true for ligands forming chelate rings of the same size (Table 9) .
(2) The formation constant of a mixed complex is much greater than the statistical value. This stabilization effect for the Cu(II) complexes is observed when the ligands form four-and five-membered rings. 
(1)
(3) The formation constant of a mixed complex is smaller than the value. This is a destabilization effect. A destabilization effect ved when the properties of the donor atoms are very different.
The substitutions of the bidentate ligands were studied for the complexes V0(-dik)2 and HnL=H2tdt1 H2xydt, Htox, H2mnt. It is interesting to note that aromatic dithiols form adducts by reactions (3) and (4). The following reactions take place in parallel to reactions (3) and (4) (/J)+H2dt 
k=l. 8±0. The full scheme of these reactions is
A specific feature of these reactions is that at definite concentrations of ligand A-A, there exists in solution only one complex I or III and the amounts of the others complexes are small. In Table 10 , ESR data for Mo(V) mixed -diketonates in acetone are given. The substitution of monodentate ligands by HTox occurs in general according to scheme (16). But the real substitution scheme can be more complicated due to the unequivalent donor atoms.
The scheme (l6a) is valid for H2rnnt. It was observed the formation of the complex cE (k = 2.0±0.5, acetonitrile).
The kinetics of substitution reactions was much less studied by ESR. In 124 I. N. MAROV connection with the investigation of copper (TI) mixed complexes, the kinetics of reactions (9) were studied. It is necessary to note that reactions 
It is very interesting that the kinetic curve of the accumulation of the mixed complex in reactions (17) and (18), where M=Pd, in acetonitrile at temperatures below 50°C are S-shaped and hence cannot be described by kinetic equations for second order reactions. The following facts are very substantial for the mechanism of reactions (17) and (18): 1. The addition of free ligands L or L' strongly decreases the rates of reactions (17) and (18); 2. The addition of free solvate ions of copper (II) strongly enhances exchange reactions; 3. The lower the temperature, the longer the first part of the kinetic curves. These results cannot be described by a four-center mechanism.
The following mechanism is suggested
CuL2
CuL + L
PdL PdL' + L'
CuL + PdL CuLL' + PdL'
PdL' + CuL2 PdL'L + CuL 
List of ligands R2dtc = Dialkyl-dithiocarbamate R2dsc = Dialkyl-diselenocarbamate R2tsc = Dialkyl-thioselenocarbamate i-ri-tnt = Iso-maleonitrile-dithiolate i-mns = Iso-maleonitrile-diselenolate i-rnnts = Iso-maleonitrile-thioselenolate ced = l-Cyano-l-carboethoxyethelene-2 ,2 'dithiolate.
